The long, bright gamma-ray burst GRB 070125 was localized by the Interplanetary Network. We present light curves of the prompt gamma-ray emission as observed by Konus-WIND, RHESSI, Suzaku-WAM, and Swift-BAT. We detail the results of joint spectral fits with Konus and RHESSI data. The burst shows moderate hard-to-soft evolution in its multi-peaked emission over a period of about one minute. The total burst fluence as observed by Konus is 1.75 × 10 −4 erg/cm 2 (20 keV-10 MeV). Using the spectroscopic redshift z = 1.547, we find that the burst is consistent with the Amati E peak,i − E iso and the Ghirlanda E peak,i − E γ correlations.
Introduction
The prompt gamma-ray emission of gamma-ray bursts (GRBs) is the most extensively studied aspect of these energetic explosions. Indeed, for twenty-five years after the discovery of GRBs (Klebesadel et al. 1973) , the prompt emission was the only GRB observable available. With the first afterglow observations at longer wavelengths (Costa et al. 1997; van Paradijs et al. 1997) , detailed analysis of burst models became possible. Presently, the Swift satellite is detecting ∼ 100 bursts per year, most with rapid localization and followup.
The exact mechanism which produces the prompt gamma-ray emission, with its characteristic smoothly broken power-law shape, has not been definitively established. Recent efforts to correlate burst observables with the intrinsic burst energetics have increased the importance of detailed spectral fitting for localized bursts (for a review, see Schaefer 2007) . Several correlations involve the peak spectral energy E peak , which is often above the ∼150 keV cutoff of the Swift Burst Alert Telescope (BAT) passband.
Three current observatories are capable of detailed spectral analysis of GRBs over the full range of E peak . Konus-W (Aptekar et al. 1995 ) is a double scintillator instrument on the WIND spacecraft. The Ramaty High Energy Solar Spectroscopic Imager (RHESSI) is a solar observatory which uses nine Germanium detectors to image the Sun at X-ray to gammaray energies (Lin et al. 2002 ). RHESSI's detectors are unshielded and receive emission from astrophysical sources like GRBs. The Wide-Band All-Sky Monitor (WAM) (Yamaoka et al. 2005) aboard Suzaku is the large BGO anticoincidence shield for the Suzaku Hard X-Ray Detector. The AGILE and GLAST missions will soon give additional coverage at the energy range of E peak and extend spectral coverage for GRBs up into the tens of GeV.
In this paper, we present Konus, RHESSI, and Suzaku observations of the bright GRB 070125. In Section 2, we discuss the observations and the localization of the burst by the IPN. Section 3 contains the burst light curves, and in Section 4 we conduct joint spectral fits to the Konus and RHESSI data.
Observations
GRB 070125 was observed by six spacecraft in the Interplanetary Network (IPN): RHESSI, Suzaku WAM, and Swift-BAT, all in low Earth orbit; the anticoincidence system of the spectrometer aboard the International Gamma-Ray Astrophysics Laboratory (INTE-GRAL), at 0.44 light-seconds from Earth; Konus-Wind, at 5.4 light-seconds from Earth; and the High Energy Neutron Detector and Gamma Sensor Head aboard Mars Odyssey 2001, at 1130 light-seconds from Earth. The two other distant missions in the network, Ulysses and MESSENGER (Mercury Surface, Space Environment, Geochemistry, and Ranging), were off. Since Swift was slewing at the time of the burst, it did not immediately localize it. However, the source appeared in a routine image made after the slew was completed, and its 2.5' radius error circle was consistent with the initial IPN localization ). The BAT image detections were at 8.2 sigma more than six minutes after the burst began ).
With only one distant spacecraft, the IPN localized the event to a long, narrow error ellipse shown in Figure 1 , whose area (3σ) is ∼ 1200 square arcminutes, centered at RA(2000) = 07h 51m 17.85s, Dec(2000) = +31
• 06' 12.78". The chi-squared for this position is 1.57 for 3 degrees of freedom. Figure 2 shows the central region of the error ellipse, with the BAT 90% confidence error circle and the optical counterpart.
Initial spectral fits to the prompt emission were reported for RHESSI by Bellm et al. (2007) and for Konus by Golenetskii et al. (2007) . The initial RHESSI best fit model was a cutoff power law (see §4) with α = 1.33 Pelangeon and Atteia derived a pseudo-redshift for this burst by using the RHESSI parameters (Pelangeon & Atteia 2007a ) and the Konus values (Pelangeon & Atteia 2007b) . These were fairly consistent at 1.6 ± 0.8 and 1.3 ± 0.3 respectively. reported an optical counterpart at RA(2000)=07h 51m 17.75s, Dec(2000) = +31
• 09' 04.2". This counterpart was confirmed by Updike et al. (2007) in the R band. Racusin & Vetere (2007) reported detection by the Swift XRT. The XRT position was RA(J2000) = 7h 51m 18.08s, Dec(J2000) = +31
• 09' 02.2", 4.7 arcseconds from the optical transient reported by .
Initial afterglow detections in other bands included Swift UVOT in the UV , radio (van der Horst 2007) , and IR ). Milagro (Dingus 2007) observations of the source took place, but no VHE gamma-ray source was detected. Fox et al. (2007) reported a redshift of z ≥ 1.547 for GRB 070125 from the identification of the Mg II doublet. Independent observations by Prochaska et al. (2007) , reported in Haislip et al. (2007, in preparation) , reveal absorption features which are consistent with z = 1.547 if identified as C IV and Si IV, and the absence of Lyman absorption features requires z to be near this value.
Observations of the decaying afterglow yielded multiple possibilities for a jet break. The Swift-XRT data showed a possible jet break at 1.35 ± 0.35 days, but were also consistent with no jet break ). Independent optical observations (Mirabal et al. 2007; Garnavich et al. 2007 ) showed a break in the decay at t ≥ 4 days. The non-detection by Chandra ) was also consistent with a break occuring after 4 days. Figure 3 shows the Konus, RHESSI, Suzaku-WAM, and Swift-BAT light curves corrected for light travel time between the spacecraft. The Konus trigger time was T 0,KW = 07:20:50.853. Photon travel time from RHESSI to Konus was 5.197 seconds, from Suzaku to Konus was 5.202 seconds, and from Swift to Konus was 5.215 seconds. The light curves show a qualitatively similar multi-peaked structure with roughly four major periods of emission.
Light Curve
T90 for the Konus light curve was 62.2 ± 0.8 seconds (10-750 keV), for RHESSI 63.0 ± 1.7 seconds (30 keV-2 MeV), and for Suzaku 55 ± 2 seconds (50 keV-5 MeV). In the individual Konus bands, the T90s were 62.8 ± 1.8 seconds (G1: 20 keV-75 keV), 61.5 ± 0.9 seconds (G2: 75 keV-300 keV), and 60.0 ± 5.6 seconds (G3: 300 keV-1150 keV). Uncertainties on all T90s are 1-sigma and were obtained by perturbing the light curves with Poisson noise and finding the new T90 values for 1000 trials. report a T90 of 60 seconds for the Swift-BAT light curve. Because Swift did not trigger on the burst, no BAT event data were stored. The available rate data contain slew artifacts; accordingly, we do not perform further analysis on the BAT data.
Both Konus and RHESSI observed the 64 millisecond peak flux at T-T 0 = 41.472 seconds. Using the spectral fits from Section 4, the peak flux observed by Konus was (1.76
−5 erg/cm 2 /s. RHESSI observed a peak flux of (2.53 Figure 4 shows the fast time evolution of hardness ratios for Konus and Suzaku. The burst shows a general softening trend in time, excepting the period of peak flux in interval C, which has comparable hardness to the initial emission in interval A.
Spectral Analysis
We performed spectral analysis for the time intervals given in Table 1 using the Konus and RHESSI data. While spectral data are available from Suzaku, the GRB photons passed through the X-Ray Spectrometer (XRS) dewar before reaching the WAM. This direction is not well-calibrated for the WAM, in part due to uncertain levels of solid Ne in the dewar. With the detector response poorly understood, it is impossible to determine effectively the spectral parameters. Accordingly, we omit the Suzaku data in the spectral fits.
Because of radiation damage to the RHESSI detectors, only three of the nine detectors (rear segments 1, 7, and 8) were usable for this analysis. While the damaged detectors continue to record significant counts, the effect of the radiation damage on the spectral response has proven difficult to model.
To generate the RHESSI spectral response, we simulated monoenergetic photon beams impinging on a detailed mass model in the Monte Carlo suite MGEANT (Sturner et al. 2000) . The response of each detector changes as RHESSI rotates, so we used a beam geometry with photons generated along a 90
• arc in rotation angle. The resulting quadrant responses were weighted by the burst light curve and added together. Fit results were not appreciably different when using a simple azimuthally averaged response. The beam made an angle of 165
• with the RHESSI rotation axis to match the off-axis angle of the GRB (165.2 degrees). The simulated photons had initial energies given by 64 logarithmically-spaced bins from 10 keV to 10 MeV.
We conducted the spectral fitting in parallel using the spectral fitting packages XSPEC v11 1 and ISIS v1.4.3 (Houck 2002) . The fit parameters obtained from both programs were identical. Robust fitting required a lower fit bound of 60 keV for RHESSI, slightly higher than the typical 30 keV lower limit. Because the GRB was arriving from the extreme rear of RHESSI, the photons passed through the back plate of the RHESSI cryostat and were hence subject to greater attenuation at low energies. The fit ranges were accordingly 20 keV-10 MeV for Konus and 60 keV-10 MeV for RHESSI. The fit was truncated at 2 MeV for both instruments in interval D; there were no significant counts above that energy. Fluence errors were obtained in ISIS by stepping through a grid of fluence values, refitting the free parameters at each grid point, and monitoring the change in chi-squared. Since it does not assume that the statistic space is quadratic, this method provides more accurate values for the uncertainties than those generated in XSPEC with the flux command.
The data were well-fit in intervals A-C by a Band function (Band et al. 1993) :
For β < −2 and α > −2, E peak ≡ E 0 (2 + α) corresponds to the peak of the νF ν spectrum. The normalization A has units photons/(cm 2 s keV), and E piv is here taken to be 100 keV. For joint fits, the Band function parameters α, β, and E peak were tied for both instruments, but the normalizations were allowed to vary independently. For interval D, we utilized a cutoff power law, equivalent to the Band function below E break . We report the best-fit spectral parameters in Table 2 . Figure 5 shows the unfolded spectra in all intervals for the joint fit.
For single-instrument fits, the Konus data provide superior fit quality and better constraint on the fit parameters, due in part to having about six times more useable counts. The fit fluence, α, and β are generally consistent between RHESSI and Konus. However, the RHESSI data prefer higher E peak , matching the best fit Konus values only at the lowest end of rather large error bars. The Konus fit parameters for the total burst match well the initial values reported via the GCN ). The RHESSI fit E peak typically is lower here than in the value reported in the GCN ), but this difference is expected from fitting using the Band function rather than a cutoff power law (Band et al. 1993 ).
The spectral parameters for the joint fits are consistent with the Konus-only values. There are slight improvements in the uncertainties of some of the fit parameters at a cost of a small increase in the chi squared. Forcing the datasets to fit the same E peak has the effect of decreasing the RHESSI fluence relative to the Konus value. For intervals A, A1, and B, the ratio of the RHESSI normalization to the Konus normalization is 0.88. For interval C, the ratio is 0.91. Characteristic uncertainties for the ratio are 0.04-0.05. In interval D, the ratio for the cutoff power-law fit is 0.74 +0.13 −0.12 . Absolute normalizations in photons/(cm 2 s keV) using E piv = 100 keV for the total interval were (2.51
+0.18
−0.15 ) × 10 −2 (Konus) and (2.19
+0.16
−0.14 ) × 10 −2 (RHESSI).
The time-resolved fits show a moderate hard-to-soft evolution. E peak is largest in the initial broad pulse (514 keV) and then softens to 358 keV in interval B. The sharp pulse in interval C has a harder spectrum (432 keV). The burst tail is much softer, with a peak energy of 213 keV. The high-energy spectral index β softens monotonically through intervals A-C.
Discussion
Knowledge of the burst redshift z = 1.547 makes it possible to draw conclusions about the overall burst energetics. We assume a standard flat cold dark matter cosmology (ΛCDM), with parameters (Ω Λ , Ω M , H 0 ) = (0.761, 0.239, 73 km s −1 Mpc −1 ), consistent with results from WMAP year 3 (Spergel et al. 2007 ) and large scale structure traced by luminous red galaxies (Tegmark et al. 2006 ). This particular set of values corresponds to the "Vanilla model" of Tegmark et al. (2006) . Extrapolating to a GRB rest-frame energy band of 1 keV-10 MeV, the isotropic emitted energy for the total burst is (9.44 +0.40 −0.41 ) × 10 53 ergs (Konus) and (8.27 ± 0.39) × 10 53 ergs (RHESSI) for the joint fit. Because we allow independent normalizations for the Konus and RHESSI data, we obtain two values of E iso from the joint fit, one for each instrument. 90% C.L. errors are obtained by exploration of the parameter space as for the fluence; we neglect uncertainty in z. These values are consistent with the Amati relation correlating E iso with the intrinsic peak energy of the spectrum in the GRB rest from E peak,i (Amati et al. 2002; Amati 2006) . We plot GRB 070125 in the E peak,i − E iso plane in Figure 6 .
The 1 keV-10 MeV energy band frequently used to estimate the bolometric fluence is not particularly well-chosen for a hard burst such as this one. In particular, the upper limit in the observer frame is only about 4 MeV, near E peak and within the range of observed emission. While any finite band will underestimate the true bolometric emission, neglecting the high energy emission here produces a larger error. If we instead use the observer frame energy band 20 keV-10 MeV, corresponding to a GRB frame band of 50 keV-25.5 MeV, we find E iso = (1.07
54 ergs (Konus) and (9.38 ± 0.74) × 10 53 ergs (RHESSI). For consistency with previous works, however, we will use the 1 keV-10 MeV band for bolometric estimates for the remainder of this paper.
Converting the 64 ms peak fluxes reported in Section 3 to bolometric peak luminosities, we find peak luminosities of (2.52 Using the potential jet break times reported in the GCN of t jet = 1.35 ± 0.35 days and t jet ≥ 4 days (Mirabal et al. 2007) , we may calculate the collimation-corrected energy emission E γ (Sari et al. 1999) for GRB 070125. Assuming a circumburst density of n = 3 cm −3 and a gamma-ray production efficiency of η γ = 0.2, the corresponding jet opening angles are θ = (3.86 ± 0.38, 3.93 ± 0.83) degrees for (Konus, RHESSI) for a 1.35 day break, and θ ≥ (5.8, 5.9) degrees for a break after 4 days. With E γ = (1 − cos θ)E iso , we find E γ = (2.15 ± 0.43, 1.94 ± 0.39) × 10 51 ergs for (Konus, RHESSI) with the assumption of a 1.35 day break and E γ ≥ (4.8, 4.4) × 10 51 ergs respectively for the later break. All these values appear consistent with the Ghirlanda E peak,i − E γ correlation (Ghirlanda et al. 2004) . The values of E γ obtained for t jet = 1.35 days are somewhat closer to the bulk of the sample (Figure 7 ).
We were unable to confirm the source of the systematic shift in E peak and fluence between the two instruments. Minor radiation damage was becoming noticeable in RHESSI detector 8 near the time of this work, mostly below the 60 keV cut utilized here. It is also possible that the Monte Carlo simulation of the RHESSI response is less accurate for such extreme off-axis angles, where a greater number of interactions with the cryostat may be expected.
Our previous work had found excellent agreement in all fit parameters for independent RHESSI and Konus spectral fits for GRB 051103 and GRB 050717. For the short GRB 051103, Konus found E peak = 1920±400 keV and a 20 keV-10 MeV fluence of 4.4±0.5×10 keV ). Those bursts had RHESSI off-axis angles of 97 and 110 degrees, respectively.
Joint spectral fits to Swift-BAT and RHESSI data for 25 bursts co-observed by the two instruments between December 2004 and December 2006 indicated that no offset in response normalization was needed for the two instruments (Bellm et al. 2007, in preparation) . However, for two of three bursts occurring during or after December 2006, the RHESSI data showed a significant deficit relative to Swift-BAT. The RHESSI polar angles for all three late bursts were between 90 and 110 degrees. These fits were conducted using only detectors 1 and 7, which do not appear to have radiation damage in background spectra during this interval. Nonetheless, these results suggest that the observed offset in the RHESSI and Konus fit parameters found here is more likely a consequence of increased radiation damage in the RHESSI detectors than a geometric effect or a generic offset in the RHESSI simulations.
Future analysis of archival bursts may help identify the source of any systematic effects present here. It is clear, however, that joint fits between instruments capable of constraining the full range of E peak are valuable in providing the most accurate and precise determination of the fit parameters.
Acknowledgements
This work was supported by Swift AO-2 GI grant NNG06GH58G, "Completing Swift GRB Energy Spectra with Konus and RHESSI" and by the A0-3 grant NNX07AE86G. KH is grateful for IPN support under JPL Contract 1282043, and NASA grants NNG06GI896, NNX06AI36G, NNG06GE69G, and NAG5-13080. The Konus-Wind experiment is supported by a Russian Space Agency contract and RFBR grant 06-02-16070. We thank Bob Lin, David Smith, and Dieter Hartmann for comments on the draft. Interval Table 2 . Best fit parameters for the Band function for Konus (K) and RHESSI (R). Errors are quoted at the 90% confidence level. For joint fits (KR), the Konus fluence is listed first. For interval D, the fit and quoted fluence is for a cutoff power-law truncated at 2 MeV. In interval A1, E peak is defined only formally, as β > −2. The statistic space for the RHESSI E peak in Interval C was non-monotonic. , and the center of the ellipse. The optical source lies 0.048 degrees from the center of the IPN ellipse, on the 87% confidence contour. Fig. 3 .-GRB 070125 light curve for Konus, RHESSI (rear segments 1, 7, and 8 only), Suzaku-WAM, and Swift-BAT. The light curves are adjusted for time of flight, with T 0 given in §3. The dashed vertical lines delimit the intervals used in the time-resolved spectral fits ( §4). The Swift light curve plotted contains all counts observed by Swift; in particular, it is not mask-tagged and therefore contains slew artifacts. The origin of the slightly higher count rate in the RHESSI data near the 5 second mark is not clear. Fig. 6.-E peak,i − E iso correlation including GRB 070125. Values of E peak,i (the intrinsic peak energy in the burst rest frame) and E iso are for the joint Konus-RHESSI fit. Since the normalization was allowed to vary between the two instruments, we plot separate points for Konus (square) and RHESSI (diamond) to indicate the corresponding values of E iso . Data for other bursts are from Table 1 of Amati (2006) , omitting short bursts and GRB 980425 and plotted using the cosmology of this paper (Ω m = 0.239, Ω Λ = 0.761, h = 0.730). Fig. 7 .-E peak,i − E γ correlation including GRB 070125. Symbols as in Figure 6 . Two pairs of values for E γ are plotted. The smaller assumes a jet break time of t jet = 1.35 ± 0.35 days , while the larger pair is a lower limit assuming t jet ≥ 4 days (e.g., Mirabal et al. 2007 ). Data for other bursts are from Table 2 of Ghirlanda et al. (2004) , plotted using the cosmology of this paper.
